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ABSTRACT 


Age-specific scale characteristics were used to identify the contributions of Kenai River sockeye salmon 
Oncorhynchus nerka to the 1990 and 1991 commercial harvests of Upper Cook Inlet, Alaska. Several 
multivariate linear discriminant models were developed to classify age-1.2, -1.3, and -2.3 sockeye 
salmon. Overall mean classification accuracies for two-way, Kenai-Other models ranged from 0.678 
(age 1.3) to 0.837 (age 2.3). The approximate 90% confidence intervals for the 1990 and 1991 age-1.3 
models were k0.216 and k0.249, respectively. Within and between stock variability of scale variables 
was large because of the complexity of the rearing environments and the multi-population composition 
of the stock groupings. Scale characteristics appear to be of limited use for identifying the mixture of 
stock groupings in Upper Cook Inlet commercial harvests. 

KEY WORDS: 	 Sockeye salmon, Oncorhynchus nerka, stock separation, scale pattern analysis, linear 
discriminant analysis, Upper Cook Inlet, Alaska 



INTRODUCTION 


One of the more important and persistent needs for management of sockeye salmon Oncorhynchus nerka 
fisheries in Upper Cook Inlet (UCI), Alaska, is a better understanding of stock contribution in the mixed 
stock commercial fisheries. To address this concern, the Alaska Department of Fish and Game (ADF&G) 
initiated a stock identification research project in 1976 (Krasnowski and Bethe 1978). The major 
emphasis was directed toward scale pattern analysis (SPA) that had been proven useful for determining 
racial origins of salmon captured on the high seas and along the Pacific coast region (Henry 1961; 
Mosher 1963; Anas 1964; Wright 1965; Anas and Murai 1969; Lechner 1969; and Major et al. 1973). 
SPA has been a part of the UCI salmon management program since 1976 (Bethe and Krasnowski 1979; 
Bethe et al. 1980; Cross et al. 1981, 1982, 1983, 1985, 1986, 1987; Cross and Goshert 1988; and 
Waltemyer and Tarbox 1988, 1991). 

Unfortunately, technical problems have been identified in the UCI sockeye salmon SPA. Recent 
examination of model classification accuracies, model performance for minor stocks (<20% of the total 
return), and model assumptions seem to bear out concerns perceived by Waltemyer and Tarbox (1988, 
199 1). The UCI-models have relatively poor classification accuracies, cannot be used reliably during the 
fishing season because of temporal changes in the scale variables, and tend to overestimate the 
contributions of minor stocks (B. Bue, ADF&G, Anchorage, personal communication). Variables used 
in the linear discriminant function (LDF) models did not always meet the assumptions of (1) multivariate 
normal distributions and (2)equal variances (Lachenbruch 1975). 

-

Most successful attempts to use SPA to determine racial origin have dealt with large stock groupings, 
such as continent of origin (Henry 1961 ;Mosher 1963; Anas 1964; Wright 1965; Anas and Murai 1969; 
Lechner 1969; and Major et al. 1973). Results of previous work in UCI (Waltemyer and Tarbox 1991) 
have suggested that estimates of only the Kenai River component may provide useful results. A review 
of SPA as a stock identification technique for UCI has not been completed. However, realizing that the 
public, other investigators, and the commercial fishing industry are interested in Kenai River stock 
component results, the division staff decided that only Kenai River stock component estimates would be 
documented in future reports. This report presents estimates of the contributions of three major sockeye 
salmon age classes returning to the Kenai River system in 1990 and 1991. 

METHODS 

Scale samples were collected from sockeye salmon migrating into the Kasilof, Kenai, Crescent, and 
Susitna River systems to spawn (Figure 1). Scale samples were collected within the Susitna River 
drainage from both the Yentna River at river mile 5.0 and the Susitna River mainstem at Sunshine Station 
(river mile 80.0). Samples were taken from salmon captured in fish wheels operated in the Kasilof, 
Kenai, and Susitna Rivers and from a modified fish trap used in Crescent River. In addition to samples 



taken from the four major river systems, seven commercial fishery harvests within UCI were sampled 
(Figure 2). These commercial fisheries included set gillnet fisheries in the Eastern, General, Upper 
(CohoeINinilchik Beach, Kalifonsky Beach, and Salamatof Beach), and Western Subdistricts, as well as 
the drift gillnet fishery in the Central District (Figure 1). 

Scales were collected according to the procedures of Koo (1955) and Clutter and Whitesel (1956). 
Impressions of these scales were made in cellulose acetate as described by Clutter and Whitesel (1956) 
and were viewed with a microfiche reader. Age was determined using the criteria of Mosher (1969) and 
were recorded in European notation (Koo 1962). 

Sample size goals were 200 scales for each escapement or composite (stock) of known origin in the LDF 
model and 100 scales for each mixed stock harvest of unknown origin to be classified by an SPA model 
(R. Conrad, ADF&G, Anchorage, personal communication). The two predominate age classes of 
sockeye salmon within each year's run were used in the analysis. 

Linear measurements for discriminant analysis (Moris 1975) were taken along the anterior-posterior axis 
of each scale as defined in Clutter and Whitesel (1956). Scale impressions were magnified lOOX using 
equipment similar to that described by Ryan and Christie (1976). Conrad (1985) developed the computer 
software used to both record data from scales measured on a digitizing tablet and analyze these data. The 
scale variables consisted of circuli counts and incremental distances within freshwater and marine growth 
zones of age-1.2, -1.3, and -2.3 sockeye salmon (Figure 3). The number of scale variables produced by 
the computer program ranged from 79 for an age-1.2 to 109 for an age-2.3 sockeye salmon (Table 1). 

A two-way linear discriminant model, constructed based on procedures outlined by Conrad (1985), used 
samples from the Kenai River and Other (a combined weighted sample from the Kasilof and Susitna 
Rivers that included scales from Yentna River and Sunshine Station) river systems. Although samples 
were collected from the Crescent River, emphasis was placed on accurately identifying the Kenai River 
component in the major commercial harvests. Assuming that Crescent River sockeye salmon do not 
contribute meaningfully to the Northern District, Upper Subdistrict, and drift gillnet commercial harvests, 
they were excluded from the model construction and analysis. Selection of scale variables for each model 
was made with a forward stepwise procedure using partial F-statistics (F = 4.0; Enslein et al. 1977). 
Classification accuracy for each model was determined by a leaving-one-out procedure (Lachenbruch 
1967). Construction of the LDF model was completed when the Kenai component in the self- 
classification matrix was maximized. When an LDF model was built, each commercial harvest sample 
was evaluated using the classification program (Conrad 1985). Initial results ("first-order" estimates) of 
stock composition were then adjusted for misclassification errors using the procedure of Cook and Lord 
(1978). These adjusted ("second-order") estimates of mean proportions and 90% confidence bounds for 
the Kenai and Other river components were subsequently tabulated. The variance and confidence interval 
for the adjusted estimate were calculated using the procedure described by Pella and Robertson (1979). 
In cases where adjusted proportions were either <0 or >1, results were reported either as 0 or 1. 



RESULTS 


1990 Field Season 

A commercial harvest of 3,540,807 sockeye salmon was taken from seven major UCI fisheries in 1990 
(Table 2). The commercial drift gillnet harvest accounted for 65.1 % (2,305,707 sockeye salmon) of the 
total harvest. Estimated total escapement into the four major river systems was 1,210,046 sockeye 
salmon (Table 2). The Kenai River accounted for 54.5% (659,521 sockeye salmon) of the total 
escapement. The number of sockeye salmon sampled in 1990 were 19,199 from selected commercial 
gillnet harvests and 8,884 from escapements (Table 2). These sample collections represented between 
0.4% and 5.8% of the harvest by fishery and from 0.3% to 1.7% of the escapement by river. A total 
of 4,856 age-1.3 and 3,152 age-2.3 sockeye salmon scales were digitized in 1990 (Table 2). Age-1.3 
sockeye salmon represented 49.5 % and age-2.3 24.5 % of the total return (Waltemyer 1993). 

Mean and standard error estimates for individual scale variables of age-1.3 sockeye salmon showed no 
significant statistical differences (ANOVA, P >  0.05) for the number of circuli in (variable 1) or size of 
the first freshwater zone (variable 2) between Kenai and Other river systems (Table 3). However, 
significant differences (ANOVA, P <  0.05) were found for the number of circuli in (variable 70) and the 
size of the first marine growth zone (variable 71), as well as the size of the second marine growth zone 
(variable 109). 

In contrast, mean and standard error estimates for scale variables of age-2.3 sockeye salmon showed 
significant statistical differences (ANOVA, P <  0.05) for the number of circuli in (variable 1) and size 
of the first freshwater zone (variable 2) between Kenai and Other river systems (Table 4). Significant 
differences (ANOVA, P <  0.05) were also found for the number of circuli in (variables 31 and 70) and 
size of the second freshwater and first marine growth zones (variables 32 and 71), as well as the size of 
the second marine growth zone (variable 109). 

Variables 109, 96, 104, 4, 106, 70, and 65 were selected by the forward stepwise procedure to build the 
two-way discriminate model for age-1.3 sockeye salmon in 1990 (Table 5). The age-1.3 model had a 
mean classification accuracy of 0.707. The misclassification rate for Kenai River sockeye salmon was 
0.259. 

The age-2.3 sockeye salmon model developed for 1990 included variables 56 and 67 (Table 5). Mean 
classification accuracy was 0.837. The misclassification rate of Kenai River sockeye salmon was 0.1 16. 

Stock composition estimates of age-1.3 sockeye salmon showed that the greatest proportion of the Kenai 
River component occurred in the drift fishery on 23 July (Table 6; Figure 4). Estimates of the 
Kenai River proportion were greatest on 30 July in the CohoefNinilchik Beach fishery, 27 July in the 
Kalifonsky Beach fishery, and 23 July in the Salamatof Beach fishery. The 90% confidence intervals 
around the adjusted proportions (not including stock estimates of 0 or 1) averaged f0.377 in the drift 



fishery, k0.413 in the Cohoe/Ninilchik Beach fishery, k0.302 in the Kalifonsky Beach fishery, and 
f0.318 in the Salamatof Beach fishery. 

The proportion of age-2.3 Kenai River sockeye salmon in the drift fishery harvest after 27 July ranged 
from 0.996 to 1.000 (Table 7). Kenai River stock proportions were greatest toward the end of July in 
the Cohoe/Ninilchik, Kalifonsky, and Salamatof Beach fisheries (Table 7; Figure 5). The 90% 
confidence intervals around the adjusted proportions (not including stock estimates of 0 or 1) varied 
considerably by period and averaged k0.449 in the drift fishery, f 0.448 in the Cohoe/Ninilchik Beach 
fishery, and f0.188 in the Salamatof Beach fishery. 

1991 Field Season 

Seven major UCI gillnet fisheries accounted for a commercial harvest of 2,095,062 sockeye salmon in 
1991 (Table 8). The commercial drift gillnet fishery accounted for 53.3 % (1,117,5 10 sockeye salmon) 
of the total harvest. Estimated total escapement into the four major river systems was 1,248,374 sockeye 
salmon (Table 8). The Kenai River system accounted for 51.9% (647,597 sockeye salmon) of the total 
escapement. The number of sockeye salmon sampled in 1991 were 12,931 from selected commercial 
gillnet fisheries and 11,076 from escapements (Table 8). These sample collections represented between 
0.3% and 3.0% of the harvest by fishery and from 0.1% to 2.4% of the escapement by river. A total 
of 3,079 age-1.3 and 1,673 age-1.2 sockeye salmon scales were digitized in 1991 (Table 8). Age-1.3 
sockeye salmon represented 43.2 % and age-1.2 27.7 % of the total return (Waltemyer 1994). 

Mean and standard error estimates for individual scale variables of age-1.3 sockeye salmon showed 
significant statistical differences (ANOVA, P<0.05) for the number of circuli in (variable 1) and size 
of the first freshwater zone (variable 2) between Kenai and Other river systems (Table 9). No significant 
differences were found (ANOVA, P>0.05) for the number of circuli in (variable 61) or size of the 
freshwater plus growth zone (variable 62). Similarly, no significant differences (ANOVA, P>0.05) were 
found for the number of circuli in (variable 70) or size of the first marine growth zone (variable 71). 
A highly significant difference in size of the second marine growth zone (variable 109) was found 
between Kenai and Other rivers. 

Mean and standard error estimates for scale variables of age-1.2 sockeye salmon showed highly 
significant statistical differences (ANOVA, P<0.05) for the number of circuli in (variable 1) and size 
of the first freshwater zone (variable 2) between Kenai and Other river systems (Table 10). There were 
also significant differences found (ANOVA, P< 0.05) for the number of circuli in (variable 61) and size 
of the freshwater plus growth zone (variable 62). A significant difference (ANOVA, P<0.05) was found 
for the number of circuli in (variable 70), but not for size of the first marine growth zone (variable 71; 
ANOVA, P>0.05). 

Variables 8, 109, 85, 25, 1, 17, and 66 were selected to build the two-way model for age-1.3 sockeye 
salmon in 1991 (Table 11). The mean classification accuracy for the two-way model in 1991 was 0.678 
with a Kenai River misclassification rate of 0.3 15. 



The age-1.2 model developed in 1991 included variables 65, 15, 98, 25, 76, 24, 105, and 17 (Table 11). 
The mean classification accuracy was 0.788 and the misclassification rate for the Kenai River was 0.269. 

Stock composition estimates of age-1.2 sockeye salmon in the drift fishery showed that the greatest 
proportion of the Kenai River component occurred on 19 July (Table 12; Figure 6). Estimates of 
the Kenai River proportion were greatest on 29 July in the CohoeINinilchik Beach fishery, 19 July in the 
Kalifonsky Beach fishery, and 29 July in the Salarnatof Beach fishery. The 90% confidence intervals 
around the adjusted proportions (not including stock estimates of 0 or 1) averaged k0.420 in the drift 
fishery, k0.778 in the CohoeINinilchik Beach fishery, and k0.367 in the Salamatof Beach fishery. 

Estimates of stock composition of age-1.3 sockeye salmon showed that the greatest proportion of the 
Kenai River component in the drift fishery occurred on 29 July (Table 13; Figure 7). Kenai River stock 
proportion estimates were greatest toward the end of July in all other Central District fisheries as well. 
The 90% confidence intervals around the adjusted proportions (not including stock estimates of 0 or 1) 
averaged k0.519 in the drift fishery and k0.616 in the Cohoe/Ninilchik Beach fishery. 

DISCUSSION 

Post-season SPA to determine the occurrence of Kenai River sockeye salmon in commercial harvests was 
of limited use in 1990 and 1991. The two-way classification models had only fair self-classification 
accuracies with wide confidence intervals (>20%) according to criteria established for management 
purposes. There was as much variability within stocks as between stocks for most scale growth 
measurements. The first freshwater growth zone of age-1.3 sockeye salmon in 1990 was a good example 
of this. Variable 109 was the only variable common to age-1.3 classification models for both years. 

The Kenai River is composed of several distinct stocks or populations that have different age classes and 
size compositions in their runs. The same situation occurs in the Susitna River system. Thus, our ability 
to distinguish among populations from major river systems based on scale characteristics is generally 
poor, misclassification errors ranging from 1 1.6 % to 3 1.5 %. 

There also appears to be temporal differences within the years 1988-1990 in scale variables examined 
for the Kenai, Kasilof, and Susitna Rivers (Waltemyer et al. 1994). The fact that scale growth patterns 
differ with time will increase the within-stock variability for individual scale variables used to build yearly 
stock models and reduce the precision in estimating stock contributions. Thus, the problem of 
discriminating among fish stocks is compounded. 

In the past, SPA results for one to three major age classes were used in conjunction with relative 
escapement age composition for the four major river systems to classify other age classes of sockeye 
salmon harvested in the UCI commercial fishery. However, regional and local area staff decided at the 
annual UCI staff meeting in 1989 (Browning 1989) not to allocate minor stock components and age 



classes to river of origin using this technique. Therefore, this report was prepared with the goal of 
presenting the best available SPA data for Kenai River age-1.3 sockeye salmon only. Unfortunately, afier 
preliminary examination of the data, it appears that there is only fair classification accuracy for a two-way 
model between Kenai River and a composite sample from other systems for both 1990 and 1991. 
Age-1.3 sockeye salmon historically accounted for most (>70%)of the Kenai River run. However, in 
1990 and 1991 age-1.3 sockeye salmon accounted for <40% of the total escapement into the Kenai 
River. 

The history of the UCI stock identification program seems to be one of poor to moderate model 
performance and gradual loss of precision in estimating stock contributions. In an attempt to improve 
this program, other biological discriminators must be explored and evaluated if a reliable, long-term stock 
identification program is to be successful. Such investigations have begun that include the use of parasites 
(Tarbox et al. 1991; Waltemyer et al. 1993) and the use of parasites in conjunction with genetic 
discriminators (Tarbox 1993). The usefulness of the parasite Philonema oncorhynchi to classify sockeye 
salmon stocks in UCI appears to be limited, but promising. The combination of both parasite and genetic 
discriminators is presently being explored. 
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Table 1.  Scale variables screened for linear discriminant function analysis of age-1.2, -1.3, and -2.3 sockeye salmon, Upper Cook Inlet, 

Variable 
Number 

I 

2 

3 (16) 

4 (17) 

5 (18) 

6 (19) 

7 (20) 

8 (21) 

9 (22) 

10(23) 

11 (24) 

12 (25) 

13 (26) 

14 

15 

16 thru 

26 


31 

32 

33 (46) 

34 (47) 

35 (48) 

36 (49) 

37 (50) 

38 (51 j ,  

39 (52) 

40 (53) 

41 (54) 

42 (55) 

43 (56) 

44 

45 

46 thru 

56 

57 

58 

59 

60 


Alaska, in 1990 and 199 1. 

Variable 
Name 

NClFW 
SlFW 
COC2 
COC4 
C M 6  
COC8 
C 2 4 4  
C 2 4 6  
C 2 4 8  
C K 6  
C 4 C 8  
C(NC - 4)-ElFW 
C(NC - 2)-E I FW 
C2-El FW 
C4-E 1 FW 
CO-C2lsl FW... 
C(NC-2)-ElFWIS 1FW 
SlFWINClFW 
NC 1ST 314 
MAX DIST 
MAX DISTIS 1 FW 

NC2FW 
S2FW 
ElFW-C.2 
EIFW-C4 
EIFW-C.6 
E1FW-C.S 
C 2 4 4  
C 2 4 6  
C 2 4 8  
C4-C6 
C4-C8 
C(NC - 4)-E2FW 
C(NC - 2)-E2FW 
C2-E2FW 
C4-E2FW 
EIFW-CZIS2 FW... 
C(NC-2)-E2FW/S2FW 
S2FWINC2FW 
NC 1 ST 314 
MAX DIST 
MAX DISTlS2FW 

NCPG 

SPGZ 


Zone 

First Freshwater Annular Zone 

Number of circuli first freshwater 
Size (width) of first freshwater 
Distance, scale focus (CO) to circulus 2 (C2) 
Distance, scale focus to circulus 4 

Distance, scale focus to circulus 6 

Distance, scale focus to circulus 8 

Distance, circulus 2 to circulus 4 

Distance, circulus 2 to circulus 6 

Distance, circulus 2 to circulus 8 

Distance, circulus 4 to circulus 6 

Distance, circulus 4 to circulus 8 

Distance, circulus (number circuli first freshwater minus 4) to end first freshwater 
Distance, circulus (number circuli first freshwater minus 2) to end first freshwater 
Distance, circulus 2 to end first freshwater 
Distance, circulus 4 to end first freshwater 
Relative widths, (variables 3-1 3)lS 1 FW 

Average interval between circuli in first freshwater 
Number of circuli in first 314 of first freshwater 
Maximum distance between 2 consecutive circuli in first freshwater 
Relative width, (variable 29)lSlFW 

Second Freshwater Annular Zone 

Number of circuli second freshwater 

Size (width) of second freshwater 

Distance, end of first freshwater to circulus 2 (C2) in second freshwater 

Distance, end of first freshwater to circulus 4 

Distance, end of first freshwater to circulus 6 

Distance, end of first freshwater to circulus 8 

Distance, circulus 2 to circulus 4 

Distance, circulus 2 to circulus 6 

Distance, circulus 2 to circulus 8 

Distance, circulus 4 to circulus 6 

Distance, circulus 4 to circulus 8 

Distance, circulus (number circuli second freshwater minus 4) to end second freshwater 

Distance, circulus (number circuli second freshwater minus 2) to end second freshwater 

Distance, circulus 2 to end second freshwater 

Distance, circulus 4 to end second freshwater 

Relative widths, (variables 33-43)lS2FW 


Average interval between cuculi in second freshwater 
Number of circuli in first 314 of second freshwater 
Maximum distance between 2 consecutive circuli in second freshwater 
Relative width, (variable 59)/S2FW 

Plus Growth Zone 
Number of circuli in plus growth 
Size (width) plus growth zone 

-Continued -



Table 1. (Page 2 of 2). 

Variable Variable 
Number Name 

NCI + NC2 
SlFW + s2FW 
NC l FW + NC2FW + NCPG 
SlFW + S2FW + SPGZ 
SIFWISIFW + S2FW + SPGZ 
SPGZIS1FW + S2FW + SPGZ 
S2FWlSlFW + S2FW + SPGZ 

NClOZ 
Sloz 
EFW-C3 
EFW-C6 
EFW-C9 
EFW-Cl2 
EFW-ClS 
C 3 4 6  
C 3 X 9  
C3-C 12 
C3-C15 
C W 9  
C W 1 2  
C M 1 5  
C 9 X  15 
C(NC - 6 t E 1  OZ 
C(NC - 3)-E130Z 
C3-El OZ 
C9-E I OZ 
CIS-EIOZ 
EFW-C3lSlOZ ... 
C(NC - 3)-E130Z/SlOZ 
S 1 0 m C 1 o z  
NC 1ST 112 
MAX DIST 
MAX DISTIS 1OZ 

Zone 

Freshwater and Plus Growth Zones 

Total number of circuli first and second freshwater 
Total size (width) of first and second freshwater 
Total number of circuli first and second freshwaters and plus growth 
Total size (width) first and second freshwaters and plus growth 
Relative width. (variable 2)IS1FW + S2FW + SPGZ 
Relative width, (variable 62)lSlFW + S2FW + SPGZ 
Relative width, (variable 32)lSlFW + S2FW + SPGZ 

First Marine Annular Zone 

Number of c~rculi in first ocean zone 
Size (width) first ocean zone 
Distance, end of freshwater growth to circulus 3 
Distance, end of freshwater growth to circulus 6 
Distance, end of freshwater growth to circulus 9 
Distance, end of freshwater growth to circulus 12 
Distance, end of freshwater growth to circulus 15 
Distance, circulus 3 to circulus 6 
Distance, circulus 3 to circulus 9 
Distance, circulus 3 to clrculus 12 
Distance, circulus 3 to circulus 15 
Distance, circulus 6 to circulus 9 
Distance, circulus 6 to circulus 12 
Distance, circulus 6 to circulus 15 
Distance, circulus 9 to circulus 15 
Distance, circulus (number circu!i first ocean minus 6) to end first ocean 
Distance, circulus (number circuli first ocean minus 3) to end first ocean 
Distance, circulus 3 to end of fust ocean 
Distance, circulus 9 to end of first ocean 
Distance, circulus 15 to end of fust ocean 
Relative widths, (variables 72-86)lS 1 OZ 

Average interval between circuli in first ocean 
Number of circuli in first lt2 of first ocean 
Maximum distance between 2 consecutive circuli in first ocean 
Relative width, (variable 107)lS 10Z 

Second Marine Annular Zone 

Size (width) of second ocean zone 



Table 2. Number of sockeye salmon in commercial harvests and escapements and number of scale samples taken 
and digitized, Upper Cook Inlet, Alaska, in 1990. 

Sample Location 

Commercial Fisheriesa: 

Central District 

rift^ 
Cohoe/Ninilchik Beach 

Kalifonsky Beach 
Salamatof Beach 
Western Subdistrict 

Northern District 

Eastern Subdistrict 

General Subdistrict 

Escapements: 

Kenai River 


Kasiiof River 

Crescent 


Packers 

Yentna River 


Sunshine Station 


Fish Creek 


Total 

Number Percent of 
of Scale Harvest or 

Fish Sample Escapement 

2,305,707 8,143 0.4 
198,652 2,968 1.5 
425,396 2,100 0.5 
492,927 2,400 0.5 

21,727 813 3.7 

27,012 1,575 5.8 
69,386 1,200 1.7 

Digitized Scales " 
Age 1.3 Age 2.3 

1 ,422 

506 

395 

403 


NDc 

291 82 
ND ND 

" Commercial harvests sampled through 31 July but totals represent final fish ticket numbers. 
Harvest does not include Chinitna Bay Subdistrict harvest of 35 fish. 
'	No scale samples digitized. 

Total represents 98.2% of the total Upper Cook Inlet commercial harvest. 

An estimate based on the relation between Yentna River and Sunshine Station escapements for the years 1981-1985. The 
estimate of Sunshine Station escapement equals 0.95 of the Yentna escapement estimate. 



Table 3. Mean and standard error of scale variables screened for linear discriminant analysis of age-1.3 sockeye 
salmon sampled in the Kenai and Other river systems, Upper Cook Inlet, Alaska, in 1990. 

Number Variable Mean 
Kenaia 

S.E. 
other 

Mean S.E. 

First Freshwater Annulus 

NClFW 
SlFW 
C o x 2  
C W 4  
C M 6  
C W 8  
C 2 4 4  
C2<6 
C 2 4 8  
C4-C6 
C W 8  
C(NC - 4)-ElFW 
C(NC - 2)-E1FW 
C2-El F W  
C4-E 1FW 
Cox2lS1FW 
Cox41S 1 FW 
C W 6 l S  1FW 
CO-C8/S 1 FW 
C2-C4/S1FW 
C2-C6/S 1 FW 
C2-C8/S 1 FW 
C4-C6/S 1 FW 
C4481S 1 FW 
VAR lUSlFW 
VAR 13lSlFW 
SlFw/NClFW 
NC IST 314 
MAX DIST 
VAR 291s 1 FW 

Plus Growth 

61 
62 

NCPG 
SPGZ 

Freshwater and Plus Growth 

65 
66 
67 

NCl + NC2 + NCPG 
SIF + S2F + SPGZ 
S 1 FWNAR 66 

10.846 
148.473 

0.808 

0.150 
1.799 
0.009 

First Marine Annulus 

-Continued -



Table 3. (Page 2 of 2). 

Kenaia Other 
Number Variable Mean S.E. Mean S.E. 

First Marine Annulus (continued) 

EFW-C3 
EFW-C6 
EFW-C9 
EFW-Cl2 
EFW-Cl.5 
C 3 4 6  
C 3 4 9  
C3-Cl2 
C3-Cl5 
C6-c9 
C W 1 2  
C W 1 5  
C9-Cl5 
C(NC - 6)-E 10Z 
C(NC -3)-E 1 OZ 
C3-E 1OZ 
C9-El OZ 
CIS-ElOZ 
EFW-C3/S 1 OZ 
EFW-C6/S 1 OZ 
EFWJ291S 1 OZ 
EFW-Cl US 1 OZ 
EFW-C 151s 1 OZ 
C3-C6/S 1 OZ 
C3-C9/S 1 oz 
C3-ClUS10Z 
C3-C 151s 1 oz 
C6-c9/S 1 oz 
C6-c 121s 1 oz 
C6-c15/S1oz 
C9-C 151s 1 oz 
VAR 851s 1OZ 
VAR 861s 1 OZ 
S1OZ/NClOz 
NC 1ST 112 
MAX DIST 
VAR 1071s 1OZ 

Second Marine Annulus 

a Kenai River scale sample was 201. 

Other river scale sample of 266 was weighted proportionately to escapement level and represented Kasilof (133 scales), 

Susitna (66 scales, mile 80 mainstem), and Yentna (67 scales) Rivers. 




Table 4. Mean and standard error of scale variables screened for linear discriminant analysis of age-2.3 sockeye 
salmon sampled in the Kenai and Other river systems, Upper Cook Inlet, Alaska, in 1990. 

Kenaia other 
Number Variable Mean S.E. Mean S.E. 

First Freshwater Annulus 

NCl FW 

SlFW 

C W 2  

C o x 4  

C W 6  

COX8 

C 2 4 4  

C2-C6 

C 2 4 8  

C4-C6 

C4-C8 

C(NC - 4)-EIFW 

C(NC - 2)-E1FW 

C2-E 1 FW 

C4-E 1 FW 

Co-c2/S 1 FW 

C W 4 I S  1 FW 

COC6/S 1 FW 

C W 8 l S  1FW 

c2-C4/s 1 FW 

C2-C6/S1FW 

C2-C8/SlFW 

C4-C6/S 1 FW 

C4-C8/S 1 FW 

VAR 12/SlFW 

VAR 13/SlFW 

SlFW/NClFW 

NC 1ST 314 

MAX DIST 

VAR 291s 1 FW 


Second Freshwater Annulus 

-Continued -
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Kenaia Other 
Number Variable Mean S.E. Mean S.E. F-Stat 

Second Freshwater Annulus (continued) 

C(NC - 4)-E2FW 

C(NC - 2)-E2FW 

C2-E2FW 

C4-E2FW 

ElFW42lS2FW 

E1 FW-C4lS2FW 

El FW-C6/S2FW 

El FW481S2FW 

C2J241S2FW 

C2-C6/S2FW 

C2-C8lS2FW 

C4-C6/S2FW 

C4-CSIS2FW 

VAR 4US2FW 

VAR 43lS2FW 

S2FWMC2FW 

NC 1 ST 314 

MAX DIST 

VAR 59lS2FW 


Plus Growth 

61 NCPG 

62 SPGZ 


Freshwater and Plus Growth 

63 NC1+ NC2 14.253 0.138 

64 S lF  + S2F 172.268 1.519 

65 NC 1 + NC2 + NCPG 14.768 0.144 

66 S 1F + S2F + SPGZ 173.753 1.560 

67 SlFWNAR 66 0.461 0.006 

68 SPGZNAR 66 0.042 0.009 

69 S2FWNAR 66 0.531 0.006 


First Marine Annulus 

70 NC 1OZ 

7 1 SlOZ 

72 EFW-C3 

73 EFW-C6 

74 EFW-CB 

75 EFW-Cl2 

76 EFW-C15 


-Continued -
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Kenaia other 
Number Variable Mean S.E. Mean S.E. F-Stat 

First Marine Annulus (continued) 

C3-C6 

C 3 4 9  

C3-C 12 

C3-C 15 

C M 9  

C W 1 2  

C W 1 5  

C9-C15 

C(NC - 6)-El OZ 

C(NC - 3)-E10Z 

C3-E 1 OZ 

C9-El OZ 

C15-E1OZ 

EFW-C3/S 1 OZ 

EFW-C6/S 1 OZ 

EFW-C9/S 1 OZ 

EFW-C121s1OZ 

EFW-C ISIS 1OZ 

C3-C6/S 1OZ 

C3-C9/S 1 oz 

C3-C 121s 1 oz 

C3-C 151s 1 OZ 

C64291S 1 oz 

C642 121s 1oz 

c w151s 1 OZ 

C9-C 151s 1 oz 

VAR 851s 1 OZ 

VAR 861s 10Z 

S 1 O m c l O z  

NC 1ST 112 

MAX DIST 

VAR 1071s 1 OZ 


Second Marine Annulus 

" Kenai River scale sample was 190. 

Other river scale sample of 167 was weighted proportionately to escapement level and represented Kasilof (84 scales), 
Susitna (31 scales, mile 80 mainstem), and Yentna (52 scales) Rivers. 



Table 5. 	 Final classification matrices derived from discriminant analyses of selected scale variables of age-1.3 
and -2.3 sockeye salmon scale samples from the Kenai and Other rivers that maximized classification 
of the Kenai River component, Upper Cook Inlet, Alaska, in 1990. 

Actual Group Sample Classification Matrix 
Age Group of Origin Size Kenai Other 

1.3" Kenai 201 0.741 0.259 

Other 266 0.327 0.673 

mean classification accuracy 0.707 

Kenai 

Other 	 167 0.210 0.790 

mean classification accuracy 0.837 

"Two-way model included the primary variables 109, 96, 104, and 4 with associated negatively correlated variables 106, 
70, and 65. 
Other included Kasilof, Susitna (river mile 80), and Yentna Rivers with sample sizes of 133, 66, and 67 scales, 
respectively. 

'Two-way model included the primary variables 56 and 67. 
Other included Kasilof, Susitna (river mile 80), and Yentna Rivers with sample sizes of 84, 31, and 52 scales, respectively. 



Table 6. Estimates of stock composition and statistical precision (90% interval) of commercial harvests 
using linear discriminant analysis of age-1.3 sockeye salmon, Upper Cook Inlet, Alaska, in 1990. 

Kenai Other" 
~ d j u s t e d ~  90% intervalb Adjusted 90% Interval 

Fishery DateC Proportion Lower Upper Proportion Lower Upper 

Central District: 

Drift 


Cohoe/Ninilchik 
Beach 

Kalifonsky Beach 

Salamatof Beach 

-Continued -
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Kenai 	 Other a. ~~ 

~ d j u s t e d ~  90%intervalb Adjusted 90%Interval 

Fishery Datec Proportion Lower Upper Proportion Lower Upper 

Northern District: 

Eastern Subdistrict 7113 0.000 0.000 0.000 1.000 1.OOO 1.OOO 

" Other represents Yentna and Kasilof River samples combined. 
Estimates that were <O or >I as a result of the Cook and Lord (1978) procedure are noted as 0 or I, respectively 
'Standard 12-h fishing period (0700-1900 hours) if not otherwise noted. 

Adjusted Proportion represents an adjusted estimate derived from the Cook and Lord (1978) procedure. 
" All except within 5 mi of beach south of mid-Kalifonsky Beach. 
'0900-1200 hours; Colliers Dock to mid-Kalifonsky Beach within 3 mi of beach. 

1200-2200 hours; Colliers to hinilchik Beach within 3 mi. 
"700-1900 hours; all open. 

1900-2200 hours; Colliers to Ninilchik Beach within 3 mi. 
0500-0700 hours; Colliers to Ninilchik Beach within 3 mi. 
0700-1900 hours; south of Kalgin Island, south of Colliers within 3 mi. 

'0500-2200 hours; Colliers to mid-Kalifonsky Beach within 3 mi. 
'	0500-0700 hours; Colliers to mid-Kalifonsky Beach within 3 mi. 

0700-1900 hours; all open. 
1900-2200 hours; Colliers to Ninilchik Beach within 3 mi. 
0600-2200 hours; Colliers to mid-Kalifonsky Beach within 6 mi. 

' 0600-2200 hours; Colliers to mid-Kalifonsky Beach within 6 mi. 
0700-1900 hours; all open. 
1900-2200 hours; Colliers to Ninilchik Beach within 6 mi. 

" 0500-2200 hours; Colliers to Ninilchik Beach within 6 mi. 

" 0700-2400 hours; open. 

'All except Western, Upper south of mid-Kalifonsky Beach. 


0000-0700 hours; Upper north of mid-Kalifonsky Beach, Knik Arm. 

0700-1900 hours; all plus Knik Arm. 

1900-2200 hours; Upper, Knik Arm. 

0000-0700 hours; Upper north of mid-Kalifonsky Beach. 

0700-2400 hours; open. 




Table 7. Estimates of stock composition and statistical precision (90% interval) of commercial harvests 
using linear discriminant analysis of age-2.3 sockeye salmon, Upper Cook Inlet, Alaska, in 1990. 

Kenai Other a 

~ d j u s t e d ~  90% lntervalb Adjusted 90% Interval 
Fishery Datec Proportion Lower Upper Proportion Lower Upper 

Central District: 

Drifr 6/25 

6/29 

7/02 

7/06 

7/09 

7/16' 

7118' 

7120s 

7123~ 

7/26' 

7/27' 

7129~ 

7/30' 

7131" 
Cohoe/Ninilchik 

Beach 7/02 

7/09 

7/20 

7/23 

7/30" 

Kalifonsky Beach 7/02 0.000 

7/06 0.000 

7/16' 0.801 

7/27P 0.996 

Salamatof Beach 7/09 0.601 

711 6 0.875 

7/23 1.000 

7/30q 0.996 

-Continued -
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Kenai Other" 
~ d j u s t e d ~  90% intervalb Adjusted 90% Interval 

Fishery Datec Proportion Lower Upper Proportion Lower Upper 

Northern District: 

Eastern Subdistrict 7/20 0.304 0.159 0.448 0.696 0.552 0.841 

Other represents Yentna and Kasilof River samples combined. 
Estimates that were <O or >I as a result of the Cook and Lord (1978) procedure are noted as 0 or 1, respectively. 
'Standard 12-h fishing period (0700-1900 hours) if not otherwise noted. 

Adjusted Proportion represents an adjusted estimate derived from the Cook and Lord (1978) procedure. 
'All except within 5 mi of beach south of mid-Kalifonsky Beach. 
' 0900-1200 hours; Colliers Dock to mid-Kalifonsky Beach within 3 mi of beach. 

1200-2200 hours; Colliers to Ninilchik Beach within 3 mi. 
"700-1900 hours; all open. 

1900-2200 hours; Colliers to Ninilchik Beach within 3 mi. 
0500-0700 hours; Colliers to Ninilchik Beach within 3 mi. 
0700-1900 hours; south of Kalgin Island, south of Colliers within 3 mi. 

' 0500-2200 hours; Colliers to mid-Kalifonsky Beach within 3 mi. 
'	0500-0700 hours; Colliers to mid-Kalifonsky Beach within 3 mi. 

0700-1900 hours; all open. 
1900-2200 hours; Colliers to Ninilchik Beach within 3 mi. 
0600-2200 hours; Colliers to mid-Kalifonsky Beach within 6 mi. 

' 0600-2200 hours; Colliers to mid-Kalifonsky Beach within 6 mi. 
0700-1900 hours; all open. 
1900-2200 hours; Colliers to Ninilchik Beach within 6 mi. 
0500-2200 hours; Colliers to Ninilchik Beach within 6 mi. 

" 0700-2400 hours; open. 
" All except Western. Upper south of mid-Kalifonsky Beach. 

0000-0700 hours; Upper north of mid-Kalifonsky Beach, Knik Arm. 
0700-1900 hours; all plus Knik Arm. 
1900-2200 hours; Upper, Knik Arm. 
0000-0700 hours; Upper north of mid-Kalifonsky Beach. 
0700-2400 hours; open. 



Table 8. Number of sockeye salmon in commercial harvests and escapements and number of scale samples taken 
and digitized, Upper Cook Inlet, Alaska, in  1991. 

Sample Location 

Commercial Fisheries": 

Central District 

rift^ 
Cohoe/Ninilchik Beach 
Kalifonsky Beach 
Salarnatof Beach 
Western Subdistrict 

Northern District 

Eastern Subdistrict 
General Subdistrict 

Escapements: 

Kenai River 

Kasilof River 

Crescent 

Packers 

Yentna River 

Sunshine Station 

Fish Creek 


Total 

Number Percent of 
of Scale Harvest or 

Fish Sample Escapement 

1,117,510 3,020 
400,483 3,000 
242,048 2,200 
20 1,625 1,700 

17,195 300 

34,292 1,044 3.0 
81,909 1,667 2.0 

Digitized Scales 
Age 1.3 Age 1.2 

82 

276 


a Commercial harvests sampled through 31 July but totals represent final fish ticket numbers. 
Harvest does not include Chinitna Bay Subdistrict harvest 6 4 fish. 
'	No scale samples digitized. 

Total represents 96.2% of the total Upper Cook Inlet (UCI) commercial harvest. 
An estimate based on the relation between Yentna River and Sunshine Station escapements for the years 1981-1985. The 
estimate of Sunshine Station escapement equals 0.95 of the Yentna escapement estimate. 



Table 9. Mean and standard error of scale variables screened for linear discriminant analysis of age-1.3 sockeye 
salmon sampled in the Kenai and Other river systems, Upper Cook Inlet, Alaska, in 1991. 

Number Variable 

First Freshwater Annulus 

NCl FW 
SlFW 
CO-C2 
CO-C4 
CO-C6 
CO-C8 
C2<4 
C2-C6 
C 2 4 8  
C4-C6 
C M 8  
C(NC - 4)-E1FW 
C(NC - 2)-ElFW 
C2-E 1 FW 
C4-E 1 FW 
CO-C2/S 1 FW 
C M 4 / S  1 FW 
CO-C6/S 1 FW 
C M 8 / S1FW 
C2-C4/S 1 FW 
C2-C6/S 1 FW 
C2<8/S 1FW 
C4-C6/S 1FW 
C M 8 I S  1 FW 
VAR lUSlFW 
VAR 131s I FW 
SIFWINCIFW 
NC 1ST 314 
MAX DIST 
VAR 291s 1FW 

Plus Growth 

NCPG 
SPGZ 

Kenaia Other 
Mean S.E. Mean S.E. F-Stat 

9.470 
130.245 
50.080 
76.100 
97.895 

117.178 
26.020 
47.815 
67.256 
21.795 
41.128 
38.175 
18.240 
80.165 
54.145 
0.391 
0.593 
0.762 
0.889 
0.202 
0.371 
0.510 
0.169 
0.31 1 
0.299 
0.143 

13.892 
5.475 

15.695 
0.122 

Freshwater and Plus Growth 

NCl + NC2 + NCPG 
S1F + S2F + SPGZ 
S1FWNAR 66 

1 1.435 
151390 

0.860 

0.131 
1.418 
0.005 

1 1.060 
143.380 

0.844 

First Marine Annulus 

-Continued -



Table 9. (Page 2 of 2). 

Number Variable Mean S.E. Mean S.E. 

First Marine Annulus ( c  

EFW-C6 
EFW-C9 
E m 1 2  
EFw-cl5 
C3-€6 
C3-C9 
C3-Cl2 
C3-C 15 
C W 9  
C W 1 2  
C W 1 5  
C9-C 15 
C(NC - 6)-E 102 
C(NC - 3hE1 OZ 
C3-E 1 OZ 
C9-E 1 OZ 
C15-EIOZ 
EFW-C3lS1OZ 
EFW461S 1OZ 
EF'W-C9/S 1 OZ 
EFW-C 12/S1OZ 
EFW-C 151s 1 oz 
C3-C6/S 1 OZ 
C3-C9/S 1 0 2  
C3-C 121s 1 OZ 
C3-C 151s1OZ 
C6-c9/S 1oz 
C6-c12/SlOZ 
c w151s1oz 
C9-C 1 51s 1 OZ 
VAR 85/S 1 OZ 
VAR 861s 1 OZ 
S1oZ/NC10z 
NC 1ST 112 
MAX DIST 
VAR 1 071s 1 OZ 

Second Marine Annulus 

S20Z 333.495 3.204 

" Kenai River scale sample was 200. 
Other river scale sample of 400 was weighted proportionately to escapement level and represented Kasilof (200 scales), 
Susitna (100 scales, mile 80 mainstem), and Yentna (100 scales) Rivers. 



Table 10. Mean and standard error of scale variables screened for linear discriminant analysis of age-1.2 sockeye 
salmon sampled in the Kenai and Other river systems, Upper Cook Inlet, Alaska, in 1991. 

Kenaia other 
Number Variable Mean S.E. Mean S.E. F-Stat 

First Freshwater Annulus 

NCl FW 
SlFW 
C M 2  
CO-C4 
C W 6  
CO-C8 
C2-C4 
C2-C6 
C 2 4 8  
C 4 C 6  
C W 8  
C(NC - 4)-ElFW 
C(NC - 2)-E1FW 
C2-E1FW 
C4-E I FW 
CO-C2/S 1FW 
CO-C4/S 1 FW 
CO-C6/S 1 FW 
CO-C8/SlFW 
C2-C4/S 1 FW 
C2-C6/S 1 FW 
C2-C8/S 1FW 
C4-C6/S 1 FW 
C W 8 I S  1 FW 
VAR lUSlFW 
VAR 13tSlFW 
SlFWINClFW 
NC 1ST 314 
MAX DIST 
VAR 29tSlFW 

12.260 
151.670 
48.095 
73.655 
94.760 

1 14.387 
25.560 
46.665 
66.140 
21.105 
40.403 
34.750 
17.050 

103.575 
78.015 
0.339 
0.5 17 
0.662 
0.769 
0.178 
0.323 
0.44 1 
0.145 
0.268 
0.248 
0.121 

12.524 
7.370 

15.775 
0.111 

Plus Growth 

6 1 
62 

NCPG 
SPGZ 

Freshwater and Plus Growth 

65 
66 
67 

NC1+ NC2 + NCPG 
S l F  + S2F + SPGZ 
S 1 FWNAR 66 

16.370 
197.660 

0.767 

0.294 
3.484 
0.006 

12.645 
161.045 

0.817 

0.122 
1.379 
0.005 

190.088 
135.923 
32.998 

First Marine Annulus 

-Continued -



Table 10. (Page 2 of 2). 

other 
Number Variable Mean S.E. Mean S.E. 

First Marine Annulus (continued) 

EFW-C6 

EFW-C9 

EFW-C 12 

EFW-Cl5 

C 3 X 6  

C 3 X 9  

C3-C 12 

C3-C 15 

C W 9  

C W 1 2  

C M 1 5  

C9-C 15 

C(NC - 6)-E 10 Z  

C(NC - 3)-E 10Z 

C3-E 1 OZ 

C9-E 1 OZ 

CIS-EIOZ 

EFW-C3/S 1 OZ 

EFW-C6/S 1 OZ 

EFW-C9/S 1OZ 

EFW-C 121s 1 OZ 

EFW-C 151s 1 OZ 

C3-C6/S 1 OZ 

C3-C9/S 1 oz 

C3-ClUSlOZ 

C3-C 1 51s 1 oz 

C6-c9/S 1oz 

c6-c12/s1oz 

c w151s1 oz 

C9-C 1 51s 1 oz 

VAR 851s 1 OZ 

VAR 861s 1 OZ 

S l O m C l O z  

NC 1ST 112 

MAX DIST 

VAR 1071s 1OZ 


" Kenai River scale sample was 200. 
Other river scale sample of 400 was weighted proportionately to escapement level and represented Kasilof (200 scales), 
Susitna (100 scales, mile 80 mainstern).and Yentna (100 scales) Rivers. 



Table 11. 	Final classification matrices derived from discriminant analyses of selected scale variables of age- 1.3 
and - 1.2 sockeye salmon scale samples from the Kenai and Other rivers that maximized classification 
of the Kenai River component, Upper Cook Inlet, Alaska, in 1991. 

Actual Group Sample Classification Matrix 
Age Group of Origin Size Kenai Other 

1.3= Kenai 200 0.685 0.315 

Other 400 0.329 0.671 

mean classification accurac): 0.678 

Kenai 

other 	 400 0.156 0.844 

mean classification accuracy 0.788 

a Two-way model included the primary variables 80, 109, 85, 25, 1, 17, and 66. 
Other included Kasilof, Susitna (river mile 80), and Yentna Rivers with sample sizes of 200, 100, and 100 scales, 
respectively. 

'Two-way model included the primary variables 65, 15,98,25, 76.24, and 105 and the negatively correlated variable 17. 
Other included Kasilof, Susitna (river mile SO), and Yentna Rivers with sample sizes of 200, 100, and 100 scales, 
respectively. 



Table 12. Estimates of stock composition and statistical precision (90% interval) of commercial harvests 
using linear discriminant analysis of age-1.2 sockeye salmon, Upper Cook  Inlet, Alaska, in 1991. 

Kenai Other a 

~ d j u s t e d ~  90% intervalb Adjusted 90% Interval 
Fishery Datec Proportion Lower Upper Proportion Lower Upper 

Central District: 
Drifr 

Cohoe/Ninilchik 
Beach 

Kalifonsky Beach 

Salarnatof Beach 

Northern District: 
General Subdistrict 

Eastern Subdistrict 

" Other represented a weighted sample of Kasilof, Yentna, and Susitna mainstem combined. 
Estimates that were <O or >1 as a result of the Cook and Lord (1978) procedure are noted as 0 or 1, respectively 
'Standard 12-h fishing period (0700-1900 hours) if not otherwise noted. 

Adjusted Proportion represents an adjusted estimate derived from the Cook and Lord (1978) procedure. 
" South of Colliers dock within 3 mi of beach. 
'A special test sample taken to look for the nematode Philonema oncorhynchi . 

All except Chinitna Bay. 

All except Western and Chinitna Bay Subdistricts. 


'Additional fishing time for Upper Subdistrict south of Blanchard Line, 1900-2400 hours. 
Additional fishing time for Upper Subdistrict south of Blanchard Line within 112 mi, 0000-0700 hours 
and 1900-2400 hours. 



Table 13. Estimates of stock composition and statistical precision (90% interval) of commercial harvests 
using linear discriminant analysis of  age-1.3 sockeye salmon, Upper Cook Inlet, Alaska, in 1991. 

Kenai Othera 
Sample ~ d j u s t e d *  90% 1ntervalb Adjusted 90% Interval 

Fishery Datec Size Proportion Lower Upper Proportion Lower Upper 

Central District: 
Drift 7/08 

7/12' 

7/15 

7/15' 

71 19" 

7129~ 

Cohoe/Ninilchik 
Beach 710 1 

7/05' 

7/08 

7/15 

7/29 

Kalifonsky Beach 	 7/01 100 0.000 0.000 0.106 1.000 0.894 1.OOO 

7/05' 99 0.000 0.000 0.228 1.000 0.772 1.OOO 

7/12 100 0.874 0.615 1.000 0.126 0.000 0.385 

7/19' 90 1.000 0.920 1.000 0.000 0.000 0.080 

Salamatof Beach 	 7/08 77 0.389 0.1 12 0.667 0.611 0.333 0.888 

7/15 100 0.874 0.615 1.000 0.126 0.000 0.385 

7/29 99 1.000 0.769 1.OOO 0.000 0.000 0.231 

Northern District: 
General Subdistrict 	 7115 81 0.186 0.000 0.454 0.814 0.546 1.000 

7/19 95 0.170 0.000 0.420 0.830 0.580 1.000 
7/22 75 0.050 0.000 0.324 0.950 0.676 1.000 

Eastern Subdistrict 711 9-22 77 0.061 0.000 0.333 0.939 0.667 1.000 

V t h e r  represented a weighted sample of Kasilof, Yentna, and Susitna mainstem combined. 
Estimates that were <O or > I  as a result of the Cook and Lord (1978) procedure are noted as 0 or 1, respectively. 
'Standard 12-hfishing period (0700-1900 hours) if not otherwise noted. 
'Adjusted Proportion represents an adjusted estimate derived from the Cook and Lord (1978)procedure. 
'South of Colliers dock within 3 mi of beach. 
'A special test sample taken to look for the nematode Philonema oncorhynchi . 
'	All except Chinitna Bay. 

All except Western and Chinitna Bay Subdistricts. 
'Additional fishing time for Upper Subdistrict south of Blanchard Line, 1900-2400 hours. 
Additional fishing time for Upper Subdistrict south of Blanchard Line within 112 mi, 0000-0700 hours 
and 1900-2400hours. 



Figure 1. Map of Upper Cook Inlet showing locations of the Northern and Central Districts and the 
primary salmon spawning drainages. 



TRAL DISTRICT 

NORTHERN DISTRICT 
Qenmral Subdlrtrkt 
Eartern Subdlrtrlct 

CENTRAL DISTRICT 
Uppmf SubQrtrM 
Lower Subdlrtrkt 
Kurtahn Subdktrlct 
Kaloln hhnd Subdlrtrkt 
Wedan Subdirbld 
CMnitna Bay SubQltrkt 

Figure 2. Map of Upper Cook Inlet showing the commercial fishing districts, subdistricts, and Upper 
Subdistrict beach fisheries. 
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Figure 3. Diagram of an age-1.3 sockeye salmon scale showing the two freshwater and two marine 
growth zones that are measured to generate variables used to build linear discriminant 
functions. 

4 









I= 

0

 
([I 

cltS v-0
 



C
 

z - (11 (
[I 

CT) 



The Alaska Department of Fish and Game conducts all programs and activities 
free from discrimination on the basis of sex, color, race, religion, national origin, 
age, marital status, pregnancy, parenthood, or disability. For information on 
alternative formats available for this and other department publications, please 
contact the department ADA Coordinator at (voice) 907-465-4120, (TDD) 1-800- 
478-3648, or (fax) 907-586-6595. Any person who believes he or she has been 
discriminated against by this agency should write to: ADF&G, P.O. Box 25526, 
Juneau, AK 99802-5526; or O.E.O., U.S. Department of the Interior, Washington, 
DC 20240. 


	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	ABSTRACT
	INTRODUCTION
	METHODS
	RESULTS
	1990 Field Season
	1991 Field Season

	DISCUSSION
	LITERATURE CITED
	TABLES
	FIGURES



